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SECTION  1 
INTRODUCTION 


The  quasi-static  EMP  field,  and  thus  all  coupled  voltages  and  cur¬ 
rents,  are  inversely  proportional  to  the  conductivity  of  the  air  in  the 
source  region.  At  late  times  the  air  conductivity  is  dominated  by  the  ion 
conductivity,  which  is  linear  with  the  ion  mobility,  u,  and  the  ion  densi¬ 
ty.  For  a  constant  dose  rate,  y,  the  ion  density  is  given  by 


where,  for  air  at  atmospheric  pressure  and  20®C,  K  =  2.2  x  10^  cm'Vrad  and 
B  is  the  ion-ion  recombination  coefficient.  Thus  the  ion-ion  recombination 
coefficient  is  a  primary  parameter  in  the  theory  of  late-time  EMP. 

The  value  of  B  in  air,  presently  accepted  and  used  in  EMP  codes, 
is  that  measured  by  Sayers  (Ref.  1).  He  found  that  the  value  of  the  ion-ion 
recombination  coefficient  decreased  with  increasing  initial  ionization  but 
reported  the  low  dose  (■!  mrad)  value  as  that  for  normal  air.  In  this  work 
we  are  reporting  on  a  measurement  of  B  in  air  recently  made  at  the  HIFX 
flash  x-ray  facility.  We  find  a  value  for  B  that  is  3.2  times  lower  than 
that  of  Sayers. 
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SECTION  2 
HIFX  EXPERIMENT 


A  double-sided,  "pie-pan",  ionization  chamber  was  used  to  measure 
the  ion  current.  This  chamber  shown  in  Figure  1  was  originally  designed  for 
measurement  of  the  electron  current  during  and  soon  after  an  ionization 
pulse.  In  this  experiment  the  gap  between  the  positive  center  electrode  and 
the  two  ground  electrodes  was  1.4  ±  0.1  cm  as  measured  both  before  and  after 
the  experiment.  At  room  temperature  a  typical  diffusion  coefficient  for  air 
is  Ml.l  cm^/s,  giving  a  diffusion  length  of  0.03  cm  at  10  ms,  the  longest 
measurement  time  used  in  this  experiment.  Thus  the  loss  of  ions  by  colli- 
sional  neutralization  with  the  walls  and  lateral  diffusion  effects  are  neg¬ 
ligible. 


The  ionization  was  produced  in  the  chamber  by  a  collimated  beam  of 
bremsstrahlung  from  the  HIFX  flash  x-ray  facility  of  Harry  Diamond  Labora¬ 
tories.  The  photon  spectrum  is  produced  by  bremsstrahlung  from  -2  MeV  elec¬ 
trons  filtered  by  the  target  and  A1  end-plate  (Ref.  2).  The  geometry  of  the 
experiment  is  shown  in  Figure  2.  The  purpose  of  the  A1  liner  in  the  Pb  col¬ 
limator  is  to  reduce  the  amount  of  Compton  scattered  radiation  striking  the 
chamber. 


The  area  of  the  chamber  front  plate  that  is  inside  the  Pb  collima¬ 
tor  is  275  cm^.  If  the  area  included  rays  that  traversed  less  than  one 
e-folding  of  attenuation  in  the  Pb,  the  area  would  be  305  cm^.  We  take  the 
area  at  the  front  plate  to  be  275  t  30  cm^.  The  initial  ion  density  pro¬ 
duced  in  the  chamber  depends  upon  the  product  of  the  area  at  the  front  plate 
times  the  dose  measured  at  the  front  plate,  but  the  ion  current  measured 
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Figure  2.  Geometry  of  experiment. 
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after  significant  decay  of  the  ion  density  depends  upon  the  area  of  the  beam 
at  the  center  electrode.  Assuming  that  the  HIFX  beam  falls  off  as  1/r^  at 
the  distance  of  the  chamber  with  an  effective  point  source  located  1"  behind 
the  HIFX  window,  the  exposure  area  on  the  center  electrode  is  325  cm^.  This 
value  is  very  insensitive  to  the  exact  location  of  the  source,  but  it  is 
somewhat  more  uncertain  than  the  area  at  the  front  plate.  We  take  the  area 
at  the  center  electrode  to  be  325  ±  50  cm^. 

The  dose  at  the  front  plate  of  the  ion  chamber  was  measured  with 
TLD's  enclosed  in  A1  capsules  having  a  thickness  of  1  gm/cm^.  The  window  of 
the  ion  chamber  is  almost  of  equal  thickness,  so  no  correction  was  needed 
for  attenuation  in  the  A1  window.  In  order  to  produce  a  lower  dose,  2"  of 
Pb  was  placed  in  front  of  the  HIFX  window.  The  high  dose  was  measured  to  be 
47  ±  4  rad/shot  with  seven  TLD's  exposed  on  seven  shots.  The  TLD's  were 
placed  in  a  line  across  the  exposure  area,  so  the  uncertainty  in  the  dose 
reflects  beam  non-uniformity  as  well  as  variation  in  TLD  sensitivity.  For 
the  low  dose,  measurement  on  18  shots  yielded  a  dose  of  0.67  ±  0.08  rad/ 
shot. 


A  PIN  diode  was  used  to  detect  variation  of  the  dose  from  shot  to 
shot.  On  the  shots  on  which  the  TLD's  were  exposed  the  shot-to-shot  stan¬ 
dard  deviation  was  6%. 

The  chamber  was  pumped  to  a  pressure  of  *100  mTorr  before  being 
filled  with  dry  air.  Pressure  was  measured  using  a  capacitance  manometer  in 
the  Torr  range  and  a  thermocouple  gauge  in  the  mTorr  range.  The  chamber  was 
at  room  temperature,  measured  to  be  22‘’C. 

The  ion  density  in  the  ion  chamber  as  a  function  of  time  after  the 
-40  ns  wide  ionization  pulse  was  inferred  from  the  ion  current  measured  at 
various  delay  times  after  the  pulse.  The  HIFX  radiation  pulse  was  used  to 
trigger  a  timing  circuit  which  closed  a  transistor  switch  and  applied  the 
high  voltage  to  the  ion  chamber  plates  as  well  as  supplying  timing  signals 
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for  the  switches  in  the  measuring  circuit.  A  simplified  circuit  diagram  is 
shown  in  Figure  3.  The  delay  between  the  HIFX  trigger  and  the  closing  of 
the  high  voltage  switch  (SW  1)  was  recorded  on  scope  2.  This  first  timing 
signal  was  also  used  to  trigger  scope  1  which  then  recorded  the  amplifier 
output  during  the  charging  of  the  plates,  the  opening  of  switches  2  and  3, 
and  the  ion  current.  The  charge  for  charging  the  plates  of  the  chamber  and 
to  supply  the  ion  current  came  from  the  1  uF  capacitor.  Detailed  circuit 
diagrams  of  the  timing,  switching,  and  measuring  circuits  are  given  in  Fig¬ 
ures  4  through  6. 

The  operation  of  the  circuit  is  shown  in  Figure  7,  where  the  cir¬ 
cuit  was  activated  without  firing  HIFX.  The  lower  trace  shows  the  delay 
between  the  simulated  HIFX  trigger  and  the  start  of  the  upper  trace,  which 
shows  the  output  of  the  amplifier.  The  upper  trace  starts  as  switch  1  closes 
and  the  plates  begin  charging.  The  amplifier  is  clamped  to  ground  at  this 
time  but  some  of  the  large  transient  is  coupled  through.  The  charging  time 
constant  is  -2  us  depending  on  the  cable  capacitance  between  the  switching 
circuit  and  chamber.  About  60  us  later  the  amplifier  is  undamped  from 
ground  and  about  40  us  after  this  the  short  across  the  measuring  resistor  is 
removed.  At  115  us  after  the  start  of  the  upper  trace  the  amplifier  is 
measuring  the  ion  current.  Figure  7  shows  an  amplifier  offset  voltage  of 
“0.15  V  which  was  subtracted  from  the  voltage  measured  during  the  experi¬ 
ment. 


The  current  measuring  ability  of  the  circuit  was  tested  by  replac¬ 
ing  the  ion  chamber  with  a  100  Mn  resistor  and  applying  300  V.  The  3.3  uA 
value  deduced  from  the  amplifier  output  is  within  10%  of  the  expected  3  uA 
current. 
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Figure  3.  A  simplified  diagram  of  the  circuit  used  to 

measure  the  ion  current  at  various  delay  times 
after  the  HIFX  radiation  pulse. 


9 


SCOPE  II  TRIGGER 


Figure  4.  Timing  circuit. 


athodc  iZ 


control  circuit. 


Switching  and  amplifier  circuit. 


Figure  7.  Operation  of  the  measuring  circuit  in  the  absence 
of  an  ionization  pulse.  The  upper  trace  (.5  V/div, 
50  us/div)  shows  the  charging  of  the  ion-chamber 
plates,  switching  transients,  and  amplifier  offset 
voltage.  The  lower  trace  (5  V/div,  200  us/div) 
shows  the  delay  time  between  the  (simulated)  HIFX 
trigger  and  the  charging  of  the  ion  chamber  plates. 


SECTION  3 

ION  CURRENT  AND  DENSITY 


The  decay  of  the  density  of  ions  in  the  chamber  was  recorded  in 
two  ways  in  this  experiment.  At  early  times,  where  the  ion  density  de¬ 
creased  significantly  during  the  400  us  recorded  on  a  single  scope  sweep, 
the  ion  density  at  a  number  of  times  can  be  obtained  from  a  single  HIFX 
shot.  This  is  demonstrated  in  Figure  8a  where  the  upper  sweep  starts  at 
=*25  us  after  HIFX,  as  shown  by  the  lower  trace.  A  significant  reduction  in 
ion  current  occurs  during  the  time  of  measurement.  In  order  to  measure  ion 
current  at  later  times  the  delay  before  application  of  the  voltage  was  in¬ 
creased.  In  Figure  8b  a  delay  of  10  ms  occurs  before  the  start  of  the  upper 
trace.  In  this  case  the  ion  density  does  not  change  measureably  during  the 
sweep  time;  the  -2  ms  time  constant  seen  in  Figure  8b  is  a  circuit  relaxa¬ 
tion  from  the  input  coupling  to  the  amplifier. 

After  a  current  at  a  given  time  was  deduced  from  the  amplifier 
output  voltage,  offset  voltage,  value  of  measuring  resistor  (1  KJi),  and 
amplifier  gain  setting,  up  to  three  more  corrections  were  needed  to  obtain 
the  true  ion  current.  These  are: 

1.  Sweepout.  The  current  measured  in  an  ion  chamber  is 

proportional  to  the  amount  of  charge  moving  between  the 
plates.  As  the  ions  drift  to  the  electrodes  the  number  of 
ions  are  reduced  and  the  current  would  fall  even  if  the  ion 
density  remained  constant.  The  distance  that  the  ions  move 
during  a  time  of  application  of  the  field,  tc,  is 
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a)  Early-time  ion  current  showing  decay  of  ion  density. 

'Joper  trace:  1  V/div,  50  ^s/div.  Lower  trace:  5  V/div, 
20  us/div.  Amplifier  gain  =  1C. 


b)  Late-time  ion  current.  Decay  is  due  to  a  circuit  time 
constant.  Upper  trace:  .2  V/div,  50  cs/div.  Lower 
trace:  5  V/div,  2  ms/div.  Amplifier  gain  =  100. 


Figure  3.  Typical  ion-current  waveforms. 


(1) 


X  =TIE 

where  H,  the  average  (over  species  as  well  as  sign)  mobility, 
is  later  measured  to  be  1.7  cm^/V»s.  In  order  to  correct  for 
sweepout,  measured  current  was  multiplied  by  d/(d-x),  where  d 
is  the  spacing  between  the  electrodes.  The  largest  sweepout 
correction  was  5%. 


Boundary  layer  voltage.  During  the  time  that  the  voltage  is 
applied  to  the  ions  before  the  current  measurement  is  taken, 
the  drift  of  the  ions  produce  boundary  layers  at  both  the 
cathode  and  anode.  Since  the  density  of  ions  is  decaying 
according  to 


N(t)  = 


N(0) 

1  +  N(O)0  t 


(2) 


the  average  density  of  ions  during  a  drifting  time  of  tc, 
which  starts  at  a  delay  time  tj  after  t  =  0,  is 


_  ,  1  +  N(O)0{t  +  t  ) 

N  =  _L  In  - _ 1. 

te  l  +  N(0)Bt^ 


(3) 


(Note  that  we  are  using  the  notation,  N'*’  =  N"  =  N)  The  volt¬ 
age  dropped  across  the  two  boundary  layers  is  then  given  by 


'8.L. 


^  (4  *  x3) 

Zen 


(4) 


where  x+,  x_  are  the  thicknesses  of  the  boundary  layers.  In 
order  to  correct  for  the  reduction  in  field  in  the  bulk  of 
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the  air,  measured  current  was  multiplied  by  V/(V-Vb.l.)* 
The  largest  boundary  layer  correction  as  32%. 

3.  Circuit  decay.  The  circuit  had  a  2  ms  time  constant.  The 
measured  current  was  corrected  by  multiplying  by  e^/"^  where 
T  =  2  ms  and  t  was  measured  from  the  time  at  which  the  shunt 
was  removed  from  the  measuring  resistor  to  the  time  at  which 
the  current  was  measured.  The  largest  circuit  correction  was 
22%. 

The  time  at  which  the  current  was  measured  (t^  tc),  the  mea¬ 
sured  current,  and  the  corrected  ion  current  are  listed  in  Table  1.  The 

standard  conditions  of  measurement  were:  100  V  applied  voltage,  1  atm  pres¬ 
sure,  and  the  high  dose  from  HIFX.  Changes  to  these  conditions  are  indi¬ 

cated  in  the  second  column. 

In  order  to  determine  the  ion  density  from  the  ion  current  it  is 
necessary  to  know  the  mobility  of  the  ions.  On  shot  519  the  ion  current  was 
measured  at  low  dose  and  early  time,  such  that  the  initial  ion  density  was 
reduced  only  by  about  10%.  Thus,  this  constituted  a  direct  (to  within  the 
10%  correction)  measurement  of  the  ion  mobility.  The  mobility  is  given  by 


u  =  I/4NeEA  (5) 

Half  of  the  factor  of  four  comes  from  the  two  signs  of  ions  and  the  other 
half  from  the  double-sided  construction  of  the  ion  chamber.  The  10%  correc¬ 
tion  to  N  was  made  by  using  the  value  of  S  that  will  be  found  later.  N(0) 
is  given  by  Ky,  where  y  is  the  dose  and  K  is  the  generation  constant.  The 
value  found  for  H  is  1.7  ±  0.3  cm^/V»s.  The  uncertainty  comes  mainly  from 
the  uncertainty  in  the  area  and  in  the  electric  field  through  the  uncer¬ 
tainty  in  the  gap  width. 
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Table  1.  Measured  Ion  currents,  corrections,  and  Ion  densities  at  various  delay  tines. 
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Other  measurements  of  mobility  of  “air  ions"  agree  rather  well 
with  this  value.  Zeleny  apparently  made  the  first  measurement  and  found 
u"*"  =  1.4  cmVv*s  and  m”  =  1.9  cm^V'S  (see  Ref.  3).  Later  measurements  made 
by  Bradbury  for  room  air  found  \i*  *  1.6  cmVv»s  and  u"  =  2.2  cmVv*s  (see 
Ref.  4).  Although  these  measurements  are  suspect  as  measurements  to  be  com¬ 
pared  to  theoretical  calculations  because  of  problems  with  impurities,  they 
were  made  under  conditions  similar  to  this  experiment. 

Having  determined  the  mobility.  Equation  (5)  can  now  be  used  to 
find  the  ion  density  from  the  ion  current  at  any  time: 


N(t)  *  I(t)/4TI  e  EA  (6) 

The  implicit  assumption  that  the  mobility  is  not  changing  with  time  will  be 
verified  by  the  results.  The  second-to-last  column  in  Table  1  gives  N  as 
found  from  Equation  (6).  For  the  subatmospheric  pressure  measurements,  the 
mobility  was  assumed  to  scale  inversely  with  pressure. 

The  uncertainties  in  N  were  estimated  to  be  *15%  for  the  measure¬ 
ments  which  did  not  have  significant  corrections  to  the  currents.  Larger 
uncertainties  were  assigned  to  measurements  that  required  large  corrections 
and  to  the  10  ms  measurements  which  are  more  uncertain  because  of  the  smal¬ 
ler  measured  voltage  compared  to  the  offset  voltage. 
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SECTION  4 
RESULTS 


The  ion  density  as  a  function  of  time  from  Table  1  are  plotted  in 
Figure  9.  The  solid  curves  are  weighted  least  square  fits  of  the  data  to 
Equation  (2).  N(0)  was  calculated  from  the  dose.  The  high  dose  data  points 
yield  0  =  7.0  ±  0.4  x  lo-^  cmVs  and  the  low  dose  points  yield  0  =  7.6  ± 
1.1  *  10"^  cm^/s.  The  uncertainties  quoted  here  are  derived  from  the  varia¬ 
tion  of  Chi-squared  with  0  (Ref.  5).  For  the  large  intial  ionization  and 
the  time  range  of  the  measurement,  the  ion  density  is  in  the  hyperbolic  de¬ 
cay  region  (N(t)  =  l/0t)  where  the  ion  density  is  independent  of  N(0).  In 
this  case  the  curve  of  Figure  9  is  almost  a  straight  line  with  a  slope  of 
minus  one.  For  the  smaller  initial  ionization,  the  curve  has  not  yet 
reached  its  asymptotic  form  but  is  given  by  Equation  (2).  Only  two  points 
were  measured  at  0.25  atm;  they  yield  0  =  4.4  ±  0.5  x  lO"^  cm  Vs. 

For  comparison  the  curves  that  would  have  resulted  from  the  same 
values  of  N(0)  but  Sayers  value  of  0  =  2.3  x  lO"^  cmVs  are  shown  as  the 
dashed  lines  in  Figure  9.  We  are  obviously  measuring  ion  densities  that  are 
too  large  to  be  consistent  with  Sayers'  value. 
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SECTION  5 
DISCUSSION 


A  fundamental  difference  between  the  experiment  reported  here  and 
that  of  Sayers  is  that  we  measured  an  ion  current  and  ion  mobility  to  infer 
the  ion  density,  whereas  Sayers  collected  the  ions  and  measured  their 
charge.  There  is  no  obvious  reason  why  these  two  methods  should  not  give 
the  same  results.  The  good  agreement  between  our  value  for  the  ion  mobility 
and  previously  measured  values  substantiates  the  validity  of  the  ion  current 
method.  Also  the  agreement  of  the  data  with  the  functional  form  of  Equation 
(2)  is  strong  evidence  that  the  mobility  is  not  a  function  of  time  over  the 
time  range  of  the  experiment. 

The  magnitude  of  the  ion  mobility  measured  here  is  also  verifica¬ 
tion  that  the  current  measured  in  the  chamber  is  due  only  to  ions.  Because 
of  the  much  larger  mobility  of  electrons,  a  small  density  of  free  electrons 
could  contribute  a  current  comparable  to  the  ion  current,  causing  too  large 
of  a  density  to  be  assigned  to  the  ions.  However,  this  electron  contamina¬ 
tion  would  also  cause  the  mobility  to  be  anomalously  large.  The  agreement 
of  the  data  with  Equation  (2)  for  the  two  values  of  dose  rules  out  an  elec¬ 
tron  concentration  which  is  not  a  very  special  function  of  both  the  ion  den¬ 
sity  and  ion  age. 

In  this  experiment  measurements  were  taken  at  ion  densities  that 
did  not  differ  from  the  initial  ion  densities  by  enough  orders  of  magnitude 
that  scattered  radiation  could  increase  the  collection  area  of  the  chamber 
from  that  of  the  collimated  area.  In  particular,  the  ion  density  for  the 
low  dose  curve  changes  by  only  one  order  of  magnitude  over  the  time  range  of 
the  measurement. 
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In  both  this  and  Sayers'  experiment,  0  was  measured  at  room  tem¬ 
perature  of  -20®C.  Also  the  ion  mobility  measured  in  this  experiment  was 
for  room  temperature;  the  correction  to  0‘’C  (the  "reduced  mobility")  is  only 
8%. 


Another  difference  between  this  and  Sayers'  experiment  is  the  age 
of  the  ions.  Sayers  measured  ion  densities  at  times  between  10  ms  and 
500  ms;  while  the  time  range  in  this  experiment  was  from  0.1  ms  to  10  ms. 
Ions  are  known  to  cluster  with  time,  however  this  would  be  expected  to  re¬ 
duce  0  rather  than  increase  it. 

Sayers  saw  a  decrease  of  0  with  time  out  to  «O.I  s,  which  he 
ascribed  to  columnar  and  cluster  recombination.  Assuming  that  Sayers  had 
x-rays  that  were  approximately  three  times  minimum  ionizing  (-50  keV),  he 
had  a  track  density  of  -10**  tracks/cm^  or  0.01  cm  between  tracks.  The 
diffusion  time  required  for  the  tracks  to  overlap  and  produce  a  uniform  ion 
density  is  2  ms.  In  this  experiment  we  did  not  see  initial  recombination 
because  we  used  x-rays  that  produced  minimum  ionizing  electrons  and  a  larger 
dose.  Our  distance  between  tracks  was  -10" **  cm  for  the  low  dose.  This  is  a 
smaller  distance  than  the  initial  distance  between  a  positive  ion  and  its 
attached  electron,  -2  x  10“^  cm  (Ref,  6).  Thus  our  ion  density  was  initial¬ 
ly  uniform  and  no  diffusion  time  is  needed  to  homogenize  the  ions. 

Sayers  reports  that  in  his  experiment  the  value  of  0  decreased  as 
the  dose  was  increased  and  that  other  investigators  saw  a  decrease  in  0  as 
the  hardness  of  the  x-rays  were  increased.  (Our  value  of  0  was  also  smaller 
at  the  higher  dose,  but  not  by  more  than  the  uncertainty  in  the  measure¬ 
ment.)  Sayers  attributes  this  effect  to  the  formation  of  heavier  ions  in 
the  air  such  as  ozone  and  the  oxides  of  nitrogen.  Presumably  the  idea  is 
that  Impurity  molecules  are  formed  in  air  by  radiation  and  are  ionized  by 
charge  exchange  to  form  ions  that  have  a  much  smaller  value  of  0.  At  a 
given  time,  t^,  after  the  ionization  pulse  all  of  the  impurity  molecules 


would  be  ionized  and  the  ion  density  would  be  in  the  hyperbolic  decay 
region.  For  a  small  dose,  at  tm  there  would  be  a  small  number  of  impurity 
ions  and  mostly  regular  ions.  For  a  larger  dose,  at  t^  there  would  be  a 
larger  number  of  impurity  ions  and  since  the  total  number  is  independent  of 
the  initial  number  there  will  be  less  regular  ions.  Thus  the  apparent  B 
would  decrease  with  dose. 

In  order  for  this  to  be  a  viable  explanation,  the  impurity  mole¬ 
cules  could  not  exist  in  sufficient  quantity  in  the  gas  prior  to  irradia¬ 
tion.  Sayers  used  a  dose  of  only  “I  mrad  which  will  produce  2.2  x  10^  ions/ 
cm^.  If  an  equal  number  of  impurity  molecules  were  formed,  they  would  have 
a  concentration  of  1  part  per  10^^  air  molecules.  Impurities  of  ozone  and 
oxides  of  nitrogen  much  larger  than  this  would  be  expected  to  exist  in  the 
air  used  by  Sayers.  The  explanation  could  still  be  valid  if  the  impurity  is 
not  a  naturally  occurring  molecule  or  is  an  excited  state  of  a  naturally 
occurring  molecule. 

We  have  previously  reported  a  value  for  the  ion-ion  recombination 
coefficient  mesured  at  HERMES  (Ref.  7).  This  measurement  was  an  adjunct  to 
the  measurement  of  the  electron  conductivity  of  highly  dosed  air  and  was 
taken  on  air  that  had  an  intial  ion  density  of  «4  x  cm"^.  Unfortunate¬ 
ly  this  large  difference  caused  the  collection  area  of  the  ion  chamber  to  be 
larger  than  the  collimated  area  due  to  scattered  radiation. (Ref.  8).  The 
most  reasonable  assumption  in  this  experiment  is  that  when  the  initial  ion 
density  had  decayed  from  4  x  to  10^  cm~^  the  ions  were  uniform  through¬ 
out  the  space  between  the  electrodes  whether  or  not  it  was  in  the  beam. 
Using  this  assumption  and  the  value  of  the  mobility  in  the  HIFX  experiment, 
we  find  a  value  of  6  =  1.0  x  10“^  cm  Vs  at  50°C.  Correcting  this  to  room 
temperature  (with  B  -  T“^/^)  we  have  6  =  1.2  x  10“®  cm^/s.  This  value  has 
to  be  viewed  as  having  a  much  larger  uncertainty  than  the  HIFX  measurement 
both  because  of  the  uncertainty  of  the  area  and  the  assumption  that  the 
mobility  is  the  same  as  that  measured  at  a  much  lower  dose. 
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Although  Sayers'  measurements  were  performed  in  1938,  he  used  a  Hg 
diffusion  pump  and  good  vacuum  techniques  for  that  time.  In  the  experiment 
reported  here  the  chamber  was  not  baked  out  and  was  only  pumped  to  -100 
mTorr  before  being  filled  with  air.  McGowen  (Ref.  9)  has  found  agreement 
with  Sayers'  value  of  0  for  air  passed  over  a  series  of  cold  traps  but  a 
value  only  half  as  large  for  untrapped  air.  A  large  part  of  the  difference 
between  our  value  of  0  and  that  of  Sayers  may  well  be  due  to  the  purity  of 
the  air  under  study.  Even  though  our  chamer  was  filled  from  a  gas  bottle  of 
dry,  pure  air,  the  gas  in  the  chamber  consisted  of  air  with  impurities  from 
outgassing  of  the  surfaces,  including  a  small  amount  of  water  vapor. 

One  way  to  explain  our  lower  value  of  0  is  if  the  impurity  ions 
have  a  larger  mass  than  the  normal  air  ions.  However  if  this  were  the  case 
then  the  mobility  of  the  ions  would  also  be  smaller  than  for  pure  air.  Our 
measured  value  of  mobility  when  compared  to  values  measured  in  pure  N2  and 
O2  does  not  indicate  unusually  large  ions. 
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SECTION  6 
CONCLUSION 


t 


There  is  a  significant  discrepancy  between  the  value  of  the  ion- 
ion  recombination  coefficient  measured  by  Sayers  and  the  one  reported  here. 
This  results  in  almost  a  factor  of  two  difference  in  the  predicted  EMP  field 
at  late  times.  The  discrepancy  may  be  due  to  the  existence  of  different 
ions  in  the  two  experiments  either  because  of  differences  in  dose  or  gas 
purity. 


If  there  is  truly  a  dose  dependence  to  0,  this  is  of  great  impor¬ 
tance  to  EMP  since  the  expected  dose  is  up  to  10^  times  greater  than  that 
used  in  Sayers'  experiment.  If  the  difference  is  due  to  air  purity  then 
Sayers'  high  purity  value  may  not  be  correct  for  the  atmospheric  air  of  in¬ 
terest  to  EMP.  If  the  relevant  impurity  is  a  naturally  occurring  impurity, 
then  the  value  of  0  for  "dirty"  air  is  relevant  to  EMP.  If,  however,  the 
relevant  impurity  was  artifically  introduce  by  the  experiment,  e.g.,  pump 
oil,  then  0  for  air  without  this  impurity  is  the  proper  value  to  be  used  in 
EMP  calculations. 
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